imine-based two-dimensional covalent organic framework (2D COF) with a novel brick-wall topology by judiciously choosing a tri-topic T-shaped building block and a ditopic linear linker. Unlike the main body of COF frameworks reported to-date, which consists of higher-symmetry 2D topologies, the unconventional layered brick-wall topology have only been proposed but never been realized experimentally. The brick-wall structure was characterized by powder X-ray diffraction analysis, FT-IR, solid state 13 C NMR spectroscopy, nitrogen and carbon oxide adsorption−desorption measurements as well as theoretical simulations. Our present work opens the door to the design of novel 2D COFs and will broaden the scope of emerging COF materials.
Covalent organic frameworks (COFs), 1 which represent an emerging class of porous crystalline polymers with welldefined two-or three-dimensional structures, have received significant attention in the fields of materials chemistry in recent years, owing not only to their unique topological structures, but also to their diverse potential applications in gas storage, 2 Schiff base 3, 4, 11 and hydrazone reactions.
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The structures of COF materials, to some extent, are predictable and predesignable because their skeleton topologies are mainly dependent on the geometry of the organic building blocks employed in the condensation reactions. Taking the two-dimensional (2D) COF structures as examples, the first COF material COF-5, which displays a honeycomb-like topological structure, can be built by the reaction of a trigonal building block with a linear building block (Scheme 1a). 1a The combination of a tetragonal building block with a linear linker, on the other hand, gives rise to 2D COF structures with a tetragonal topology (Scheme 1b).
6b Additionally, when a linear linker is subjected to react with a hexagonal building block, the 2D COF structure with a triangular topology can be successfully achieved (Scheme 1c).
11f It is noteworthy to mention that the most reported 2D COF materials are constructed based on the abovementioned trigonal, tetragonal, or hexgonal building blocks, with some structural variants such as desymmetrized vertex designed building blocks.
11g Unconventional 2D COF topologies, such as these low-symmetry herringbone (Scheme 1d) or brick-wall networks (Scheme 1e), in principle can be assembled from T-shaped building blocks 13 but have never been realized experimentally. The combination of a T-shaped building block with a linear linker may theoretically produce a variety of possible networks, among which brick-wall and herringbone 2D COFs are the two most plausible ones as such topological structures have been frequently observed in the crystal structures of metal organic frameworks (MOFs).
14 Herein, we demonstrate the design, synthesis and characterization of an unprecedented 2D imine-based COF structure, termed brick-wall-COF, by employing a rigid T-shaped building block that contains three aldehyde groups. The brick-wall topology of the resulting COF is supported by powder Xray diffraction analysis, detailed theoretical simulations, as well as nitrogen adsorption−desorption measurement. Since solvent has been demonstrated as one of the crucial factors on the construction of crystalline COF materials, 15 the synthesis of brick-wall COF was carried out by choosing various solvents (Figures S1-S2, Supporting Information). Dioxane was firstly employed as the solvent for the condensation reaction, the resulting powder however was identified to be the T-shaped building block, as evidenced by the powder X-ray diffraction (PXRD) measurements. When a good solvent of DMSO was mixed with dioxane at a ratio of 1/1 (v/v) and used for the reaction, all the diffraction peaks of T-shaped building block disappeared in the PXRD pattern, nevertheless, only two weak peaks could be observed, indicating a lack of long-range molecular ordering. A mixture of dioxane and mesitylene at a ratio of 1/1 was then employed for the condensation reaction, which resulted in weak diffraction peaks that corresponded to the T-shaped building block as well as intense signals in the smaller angle region, suggesting that COF material with relatively high crystallinity was formed but co-existed with unreacted Tshaped building block. The condensation reactions were further studied by increasing the relative amount of mesitylene in the mixed dioxane/mesitylene solvent system (Figure S2) . Interestingly, when the ratio of dioxane to mesitylene was adjusted to 2/3, the resulting product showed two strong and several weak diffraction peaks, with complete disappearance of diffraction signals of the T-shaped building block. Further increase of the mesitylene content to a ratio of 1/3 or 1/9 all failed to the synthesis of the highly crystalline COF. Overall, at the optimal conditions, crystalline COF product could be prepared by reacting the Tshaped building block with 1,4-diaminobenzene in a degassed mixture of aqueous acetic acid (3M)/dioxane/mesitylene (1:4:6 v/v/v) at 110 o C for 72 h (Scheme 2 and S4) and isolated as a deep brown solid in a yield of 82%. Additionally, the T-shaped model compound (Scheme S3) was synthesized as pale yellow powder in 76% yield.
The synthesized brick-wall-COF was characterized employing different analytical techniques. The Fourier transform infrared (FT-IR) spectroscopy of the COF exhibits a medium strong C=N stretch around 1617 cm -1 , suggesting the formation of imine linkages. Such a C=N vibration band can also be observed in the FT-IR spectra of the T-shaped model compound. Meanwhile, compared with the FT-IR spectra of the starting materials 1,4-diaminobenzene and Tshaped building block, the amino (3150 ─ 3450 cm -1 ) and aldehyde (1696 cm -1 ) bands of the COF are significantly decrease ( Figures S3-S7) , also indicating the consumption of the two starting materials.
13 C cross-polarization magicangle spinning (CP-MAS) solid-state NMR spectrum of the COF ( Figure S9 ) presents a strong characteristic signal at 157.9 ppm, further confirming the formation of the expected imine C=N bonds. Additional five strong peaks at 149.1, 141.1, 136.2, 129.6, and 122.7 ppm can be ascribed to the carbon atoms of the phenyl and benzimidazolyl groups, whereas a weak signal at 194.2 ppm may be attributable to the carbon atoms of terminal aldehyde groups at the edges of the COF material. 3a Thermogravimetric analysis (TGA) of the COF indicates a thermal stability up to 320 o C under nitrogen atmosphere ( Figure S10 ). Environmental stability of the brick-wall-COF was also assessed in water, common organic solvents, aqueous acid and base, by soaking the COF samples in the corresponding solvents at room temperature for 24 hours. It was found that the brick-wall-COF was stable in water, hexane, MeOH, and THF, as their IR spectra remained unchanged after solvent treatment, but would degrade in HCl (12 M) and NaOH (12 M) solution ( Figure S8 ). In addition, the scanning electron microscopy (SEM) image of the COF reveals a platelet morphology with edge length of several microns (Figure 1) , which is consisted of nanoscale crystallites (Figures S11).
In order to better understand the crystalline structure of the resulting COF, framework models based on either brickwall or herringbone topologies, which represent the two most plausible 2D extended structures, were built using Materials Studio software and the corresponding diffraction patterns were simulated. As illustrated in Figures 2a and 2b , the experimental PXRD pattern of brick-wall-COF displays two strongest diffraction peaks at 2θ = 3.90 and 4.18°, together with weaker peaks at 2θ = 7. 82, 8.33, 11.83, 12.54, 15.77, 16 .79, and 25.85°, which closely match those in the calculated patterns generated from the simulated structure based on a brick-wall network with AB packing (Figure 2f ). The diffraction peaks can be assigned to the (020), (002), (040), (004), (060), (006), (080), (008), and (200) facets, respectively. Based on this structure, Pawley refinement of the observed PXRD profiles using Reflex (implemented in Materials Studio software) was subsequently carried out to produce a PXRD pattern ( Figure S12 , dotted red curve) which was in great agreement with the experimental one, as evidenced by their negligible difference ( Figure S12 , green curve). The refinement results offer us a structure of the Pmma space group and a unit cell with parameters of a = 7.30 Å, b = 48.05 Å, c = 44.70 Å. The final wR p and R p values converged to 6.42% and 4.54%, respectively. In contrast, the calculated PXRD pattern from another brick-wall network structure with AA packing does not fit well with the experimental PXRD pattern (Figures 2c and 2g) . For the COF model with the herringbone topology (Figures 2h and 2i) , regardless of its packing geometries (eclipsed AA or staggered AB), the calculated PXRD patterns are not in agreement with the experimental one (Figures 2d and 2e) . On the basis of these results, the resulting COF can be described as a 2D brick-wall network structure with AB packing (Figure  2f ). Such an AB packing mode of COF is similar to that observed for COF-1. 1a The porous nature of brick-wall-COF was evaluated by nitrogen adsorption−desorption measurement at 77 K. Prior to porosity measurement, the synthesized sample was thermally activated at 150 o C and under a dynamic vacuum of 10 -5 torr for 12 h. As illustrated in Figure 3a , the brickwall-COF presented a reversible type IV sorption isotherm with a sharp nitrogen uptake under low relative pressures region (P/P 0 < 0.1), which is the typical characteristic for microporous materials. A surface area of 533 m 2 g -1 could be calculated using the Langmuir model for P/P 0 between 0.10 and 0.30 ( Figure S14 ). When employing the BrunauerEmmett-Teller (BET) model (0.005 < P/P 0 < 0.09), the surface area value was determined to be 401 m 2 g -1 ( Figure S15 ), which is relatively low but comparable to that of the recently reported 2D COFs. 3a, 6d The total pore volume was calculated to be 0.34 cm 3 g -1 from a single point measurement at P/P 0 = 0.99. Such a relatively low BET surface area and total pore volume of brick-wall-COF is consistent with the fact that brick-wall-COF is packed in an AB mode rather than in an AA fashion. In addition, the porous structure of brick-wall-COF was further corroborated by fitting nonlocal density functional theory (NLDFT) using the carbon cylindrical pore adsorption branch mode (Figure 3b) . The brick-wall-COF exhibited a narrow pore size distribution centered around 2.0 nm, which is consistent with the pore size estimated from the AB packing (1.7 -2.2 nm, see Figure  S13 ).
The as-synthesized brick-wall-COF material was further employed as the adsorbent for CO 2 capture by taking advantage of its unique feature of basic nitrogen groups deriving from the imine linkage and benzimidazole unit. The CO 2 adsorption isotherms of the brick-wall-COF were collected at different temperatures (298, 273 and 195 K) under 1.0 bar pressure, and the results were shown in Figure 4a . At the temperature of 298 and 273 K, the amounts of CO 2 uptake steadily increase with the increasing pressure and reach the maximum values of 21.4 and 39.5 mg g -1 , respectively. While the isotherm at 195 K displays an obvious twostep behavior, 16 of which the CO 2 uptake capacity exhibits a steep rise at low pressure, and then increases slowly at high pressure to reach a plateau of 404.3 mg g -1 . We also calculated the isosteric heat of adsorption (Q st ) for CO 2 using Clausius-Clapeyron equation (Figure 4b ). The Q st value at the onset of adsorption was found to be 37.49 kJ/mol, which then decreases and remains almoststable at 26 -29 kJ/mol. Such a relatively high Q st value is ascribable to the strong interactions between adsorbed CO 2 molecules and the Lewis basic imine and benzimidazole functionalities decorating the pores of brick-wall-COF material. 17 The selective uptake of CO 2 and N 2 has been investigated based on their corresponding sorption isotherm curves. On the basis of initial slope calculations 18 in the pressure range, the ideal adsorption selectivity of CO 2 /N 2 is calculated to be 112 at 195 K and 68 at 273 K, respectively (Figures S16-S17). Such selectivity is comparable to the related 2D hexagonal COF material, 19 which may be contributed to strong interactions between N-H sites on the pore walls of brick-wall COF and the polarizable CO 2 molecules.
In conclusion, we have successfully designed and synthesized a novel 2D COF with a hitherto unreported brick-wall topology from the condensation reaction between a linear diamine and a tri-topic T-shaped trisaldehyde building block under solvothermal conditions. The brick-wall framework structure of the resulting 2D COF has been well characterized by powder X-ray diffraction analysis, detailed theoretical simulations, as well as nitrogen adsorption−desorption measurement. Our results open up new perspectives towards the design of COFs with lower symmetry and unconventional topology, and hold great promises for the discovery of emerging COF materials through similar assembly schemes. We envision that new 2D COFs with brick-wall or herringbone topology packed in AA mode could be constructed with the proper choice of reaction conditions and T-shaped building blocks. These potentials are currently under investigation in our group.
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